Concanavalin A was added to each well as the mitogen to a final concentration of 5.0 mg/ml. Subsequently, 4 ml of ethanol solution containing synthetic chalcones were added to give final agent concentrations of 1, 10 and 50 mM. Four microliters of ethanol were added to the control wells. The plate was incubated for 96 h in 5% carbon dioxide/air at 37°C in a humidified chamber. The cells were pulsed with 18.5 kBq/well of [ 3 H]-thymidine for the last 16 h of incubation and then collected on a glass-fiber filter paper with a multiharvester device and dried. The radioactivity retained on the filter was further processed for liquid scintillation counting. The mean of the counts for a duplicate of each sample was determined. Agent concentrations that would give 50% lymphocyte-mitosis inhibition were determined from the dose-response curve.
Cells and Cell Culture Human melanoma cell line A375 cells were obtained from American Type Cell Culture Collection (Manassas, VA, U.S.A.). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco) supplemented with 10% fetal bovine serum (FBS), 100000 IU/l penicillin, and 100 mg/ml streptomycin at 37°C in a humidified incubator with 5% CO 2 . For our experimental studies, the cells were grown to 80-90% confluence, harvested with 0.025% trypsin and 0.52 mM ethylenediaminetetraacetic acid (EDTA) (Gibco) in a phosphate buffer saline (PBS; Gibco), plated at a desired density, and allowed to re-equilibrate for 24 h before any treatment. All experiments were conducted in DMEM containing 10% FBS, 100000 IU/l penicillin and 100 mg/ml streptomycin.
MTT Cell Viability Assay Proliferation of the A375 cells by chalcones was tested by CellTiter96 Non-radioactive Cell Proliferation Assay (Promega, Madison, WI, U.S.A.); containing 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT). Briefly, the A375 cells were plated in a density of 5ϫ10 3 cells/well in 100 ml of medium in 96 flat-bottom wells of a microtiter plate, with the exception of the medium control wells, for 24 h. And two microliters of ethanol solution containing synthetic chalcones were added to give final agent concentrations of 1, 10 or 50 mM to each well. Two microliters of ethanol were added to the control wells. After the preset culture duration, the medium was replaced with 50 ml of MTT solution and the plate was incubated for another 3 h. The formazan crystal precipitate reduced from the soluble MTT by viable cells was dissolved in 100 ml of stop solution. The plate was further incubated at 37°C overnight. Cell growth was determined by measuring the optical density (OD) at 570 nm absorbance (ref. 650 nm).
TUNEL Technique and Cell Staining To evaluate apoptosis, an assay measuring DNA fragmentation was used. The TUNEL (terminal deoxynucleotidyltransferase dUTP nick end labeling) assay used in this study was the ApoDirect TM Kit (Becton Dickinson, CA, U.S.A.). At the end of each time-point, cells were washed with PBS and harvested using trypsin-EDTA. After centrifugation with an equal volume of DMEM containing 10% FBS, the cell pellet was resuspended in 0.5 ml of PBS. Paraformaldehyde (1%) in PBS was then added to the cell suspension. After several washes, the cell pellet was resuspended in 70% ethanol and stored at Ϫ20°C. Cell samples were then pelleted, washed, and resuspended in 50 ml of staining solution containing a reaction buffer, terminal deoxynucleotidyl transferase enzyme, fluorescein isothiocyanate (FITC)-labeled deoxyuridine triphosphate nucleotides, and deionized water. After 60 min of incubation at 37°C, the cells were washed, pelleted, and resuspended in 500 ml of propidium iodine (PI)/RNase solution. The protocol was provided by the manufacturer and followed with use of the positive and negative controls. Results were interpreted by flow cytometry.
Analysis of Apoptosis Cells and Cell Cycle
The data were analyzed with a FACSCant flow cytometer (Becton Dickinson) using FACS Diva software (Becton Dickinson). The fluorescence intensity of the FITC was detected on FITC channel (515-545 nm) of the FACSCant. PI fluorescence was detected on PerCP-Cy5.5 channel (more than 670 nm). Forward-and side-scatters were used to gate the cell population of the A375 cells. A minimum of 20000 events of the cells in no-gate were collected per samples.
Caspase-3/7 Activity Assay A375 cells were incubated with 10 mM of CH, CH-1, CH-3, CH-4, and CH-7 for 3, 6, 12, and 24 h, respectively. Thereafter, 100 ml of Caspase-Glo 3/7 (Promega, Madison, WI, U.S.A.) regent were added to each sample, and the cells were incubated for 30 min and assayed according to the manufacturer's instructions.
Statistical Analysis The data were confirmed with at least three independent experiments. We analyzed the data using One-way Factorial ANOVA and done as Dunnett's test. The cell proliferation data at 48 h, cell cycle, TUNEL posi-tive cells and caspase-3 activity are expressed as the meanϮ S.E. These analyses were performed with Graph Pad Prism. In each case, two-sided p values less than 0.05 were considered to be significant.
RESULTS

Synthetic Chalcones Cause Remarkable Inhibition of PBMCs and A375 Cell Proliferation
We investigated the growth inhibitory effects of the synthetic chalcones on PBMCs and A375 melanoma cells. The chemical structures of chalcones used in this study are shown in Fig. 1 . Doubling times of PBMCs and A375 were 72 h and 24 h, respectively. All chalcones inhibited the mitogen-induced proliferation of the PBMCs and A375 cell proliferation with IC 50 values ranging from 0.65 to 16.3 mM, and from 5.67 to 38.43 mM, respectively ( Table 1 ). The ratios of IC 50 values against PBMCs and those against A375 cells are ranging from 0.04 to 1.27 (Table 1) .
Synthetic Chalcones Cause Apoptosis and S-G 2 /M Arrest in A375 Cells As shown in Table 1 , synthetic chalcones suppressed the A375 cell proliferation. Among these chacones, CH-1, CH-3, CH-4, and CH-7 were especially effective with the IC 50 values less than 10 mM. Then, we examined the apoptotic cells and cell cycle in the A375 cells treated with CH-1, CH-3, CH-4, or CH-7. DNA cleavage and caspase-3 activation are known as signs of cell apoptosis. The TUNEL assay showed that CH-3, CH-4, and CH-7 induced apoptosis in A375 cells at 48 h (Fig. 3) . CH-1 also appears to induce apoptosis, but the effect was not significant ( Table 2 , Fig. 3) . Cells in the area of the sub-G 1 (apoptosis and necrotic cells) peak is consistent with the results of Table  2 obtained by TUNEL assay. Thus, CH-3, CH-4, and CH-7 caused apoptosis at 48 h culture which increased up to 72 h. CH, CH-1, CH-3, CH-4, and CH-7 caused obvious S-G 2 /M arrest from 24 to 72 h. Cell death in a variety of models involves the activation of caspase(s). To elucidate whether caspase activation was involved in CH, CH-1, CH-3, CH-4, and CH-7-induced apoptosis, we examined the activation of caspase-3 in the A375 cells. As shown in Fig. 4 , the activation of caspase-3 could be detected by 3 h of culture with peak activation at 12 h.
DISCUSSION
In patients with metastatic melanoma, systemic therapies are known to be ineffective because of high resistance of melanoma cells to various anticancer therapies. A375 is a highly metastatic human amelanotic cells, and we chose this cell line for examining the suppressive efficacies of chalcone derivatives, which may reflect clinical response. All chalcones inhibited the A375 cell proliferation with IC 50 values ranging from 5.67 to 38.43 mM (Table 1) . They also inhibited blastogenesis of human PBMCs with IC 50 values ranging from 0.04-1.27 mM, and thus the effects of chalcones on PBMCs appears to be somewhat stronger than those on A375 cells. It has been reported that IC 50 value of dacarbazine against growth of A375 cells in vitro was higher than 548 mM. 17) Thus, the suppressive effects of chalcone derivatives presently examined against proliferation of A375 cells in vitro were suggested to be more than ten times stronger than that of dacarbazine. It has been reported that the presence of the 3,4,5-trimethoxy substitute on either ring in chalcones is essential for cytotoxic activity in HT-29, HCT-15, and SW-620 colon cells, 18) and its presence on ring A is even more effective. 18) According to the data of Lawrence et al., 4Ј-hydroxy-2,4,6,3Ј-tetramethoxychalcone exhibits antitumor activity in K562 cells and it was found to cause cell cycle arrest at the G 2 /M phase. 19) In addition, they also investigated the cytotoxicity of fluoro-chalcone derivatives, but they found less activity of these fluoro-chalcones, compared with the activity of other chalcones. 19) Our present data show that CH, CH-1, CH-3, CH-4, and CH-7 affected cell cycle and arrest S-G 2 /M at 6 h in human melanoma A375 cells. The cell viability in CH-1, CH-3, CH-4, or CH-7 treated cells was not significantly different, compared with that in the CH treated cells. On the other hand, we demonstrated that CH-3 and CH-4 efficiently arrest S-G 2 /M at 24, 48, and 72 h. CH-3 and CH-4 in particular demonstrated strong cytotoxicity on A375 cells, with the IC 50 values of 5.67 and 5.79 mM, respectively at 48 h of culture. CH-3, CH-4, and CH-7 caused cell death to the same extent at 24 h and 48 h of culture. CH-3, CH-4, and CH-7 did not in-1112
Vol. 32, No. 6 Fig. 4 . Effect of CH, CH-1, CH-3, CH-4, and CH-7 on Caspase-3/7 Activity A375 cells were treated with 10 mM CH, CH-1, CH-3, CH-4, and CH-7 for 3, 6, 12, and 24 h. Caspase-3 activity was determined by Caspase-Glo 3/7 luminescent assay. Assays were performed on three replicates for each treatment. Data are expressed as meanϮS.E. The asterisks indicate a significance between the control and synthetic chalcone-treated cells as compared by one-way ANOVA followed by Dunnett's post hoc test ( * pϽ0.05, * * pϽ0.01).
duce DNA cleavage, which is a sign of apoptosis, at 24 h. It was further observed that CH-3, CH-4, and CH-7 expressed growth inhibition at 24 h, possibly due to S-G 2 /M arrest.
Our results indicated significant increase in the caspase-3 activity in cells treated with CH-3, CH-4, and CH-7 at 12 h culture. We also demonstrated that treatment of A375 cells with CH-3, CH-4, and CH-7 increased TUNEL positive cells at 48 h. Thus, our data suggest that CH-3, CH-4, and CH-7 induce apoptosis in A375 cells. Apoptosis is known to occur mainly through alternative pathways. In the death receptor pathway, receptor ligation leads to the activation of caspase-8. In the mitochondrial pathway, on the other hand, various apoptosis-inducing triggers such as DNA damage and oxidative stress cause activation of caspase-9. In these two different pathways, activated initiators caspase-8 and caspase-9 finally activate caspase-3, the downstream (executor) caspase. 20) In addition, apoptosis is regulated more intricately by a large number of molecules. 21) Thus, further study is required to clarify the mechanism of the chalcone derivatives leading to the activation of caspase-3 activity.
CH-3 and CH-4 have a methoxy group and a trifluoromethyl group. Therefore, these substitutes in the chalcone skeleton are suggested to relate to their strong growth inhibitory activity against A375 cells. Thus, our data suggest a structure-activity relationship of chalcone derivatives with the trifluoromethyl group in inhibitory growth activity in A375 cells.
In conclusion, our data show that the cytotoxic activity of CH-1, CH-3, CH-4, and CH-7 is associated with S-G 2 /M arrest and inducing apoptosis in human melanoma cells A375. The cytotoxic mechanisms examined here are likely to be applicable to the observed anticancer effects of chalcones that have been previously reported.
